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ABSTRACT 

A test was conducted in the NASA/Ames Research Center 9x7-foot Supersonic Wind 
Tunnel to help resolve an anomaly that developed during the STS— 6 orbiter 
flight wherein sections of the Advanced Flexible Reusable Surface Insulation 
(AFRSI) covering the CMS pods suffered some damage. A one-third scale two- 
dimensional shell structure model of an OMS pod cross-section was employed 
to support the test articles. These consisted of 15 AFRSI blanket panels 
form-fitted over the shell structure for exposure to simulated flight con- 
di tions. 

Of six baseline blankets, two were treated with special surface coatings. 

Two other panels were configured with AFRSI sections removed from the OV099 
orbiter vehicle after the STS-6 flight. Seven additional specimens incor- 
porated alternative designs and repairs. 

Following a series of surface pressure calibration runs, the specimens were 
exposed to simulated ascent and entry dynamic pressure profiles. Entry con- 
ditions included the use of a vortex generator to evaluate the effect of shed 
vortices on the AFRSI located in the area of concern. 


TABLE OF CONTENTS 


Poge 


ABSTRACT iii 

INDEX OF MODEL FIGURES 2 

INTRODUCTION 4 

NOMENCLATURE 6 

REMARKS 7 

CONFIGURATIONS INVESTIGATED 9 

INSTRUMENTATION 12 

TEST FACILITY DESCRIPTION 14 

TEST CONDITIONS AND PROCEDURES 15 

DATA REDUCTION 17 

RESULTS 18 

REFERENCES 19 

TABLES 

I. Characteristics of Test Specimens 20 

II. Static Pressure Instrumentation Coordinates 21 

III. Fluctuating Pressure Instrumentation Coordinates 23 

IV. Test Run Schedules 24 

V. Ascent Mission Loadings 27 

VI. Summary of Results 31 


1 



INDEX OF MODEL FIGURES 


FIGURE 


TITLE 

PAGE 

1 . 

Model 81-0 Test Fixture, General Arrangement (0S-314) 

36 

2. 

Test Installation Schematic (0S-314) 

37 

3. 

Vortex Generators Schematic (0S-314) 

38 

4. 

Mode 1 / Spe c imen Installation 

39 

5. 

OMS Pod Model 

Contour Shape 

40 

6. 

Test Article 

Conf iguration 

41 

7. 

Pressure Cali 

bration Panel (Fully Deflected) 

42 

8 . 

Static Pressure Instrumentation Layout (0S-314) 

43 

? . 

Fluctuating Pressure Instrumentation Layout (0S-314) 

44 

10. 

Dynamic Pressure Profile - Entry 

45 

I 1 . 

Dynamic Pressure Profile - Ascent 

46 

12. 

Dynamic Pressure Profile - Design Ascent 

47 

13a. 

Con f igu rat i on 

A - Pre-Test 

48 

b. 

II 

" - Post-Test 

49 

c . 

Conf iguration 

B - Pre-Test 

50 

d. 

II 

" - Post-Test 

51 

e . 

Conf igur ation 

C - Pre-Test 

52 

f . 

Conf iguration 

D - Pre-Test 

53 

g • 

<1 

" - Post-Test 

54 

h. 

Conf iguration 

E - Pre-Test 

55 

i . 

Conf iguration 

F - Pre-Test 

56 

j • 

II 

" - Post-Test 

57 

k. 

Conf iguration 

G - Pre-Te st 

58 

1. 

II 

" - Post-Test 

59 

m . 

Conf iguration 

H - Pre-Test 

60 

n . 

II 

" - Post-Test 

61 


2 



INDEX OF MODEL FIGURES (Concluded) 


FIGURE 


TITLE 


PAGE 


o . 

Conf iguration 

J - 

Post-Te st 


62 


P • 

Configuration 

101 

- Pre-Test 


63 


q- 

I'l 

II 

- Post-Test 


64 


r . 

Con f igur at ion 

K - 

Pre-Test 


65 


s . 

II 

II 

Post-Te st 


66 


t . 

Conf iguration 

L - 

Pre-Test 


67 


u . 

II 

II ^ 

Post-Te st 


68 


V . 

Conf iguration 

0 - 

Pre-Test 


69 


w . 

II 

II __ 

Post-Te st 


70 


X . 

Conf iguration 

N - 

Pre-Test 


71 


y • 

II 

II _ 

Post-Te st 


72 


z . 

Conf iguration 

I - 

Pre-Te st 


73 


Z7. . 

II 

II ^ 

Post-Test 


74 

14. 


Acoustic: Pressure 

Profile 


75 

15. 


Ascent S. Entry 

(w/o VG) Static 

Pressure Profiles 

76 

16. 


Entry (vi/VG) Static Pressure Profile 

77 

17. 


Design Ascent 

Static Pressure 

Profile 

78 

18. 


Wind Tunnel/Flight 

Dynamic Pressure Correlation 

79 


3 


INTRODUCTION 


Advanced Flexible Reusable Surface Insulation (AFRSI) has been developed as 
a replacement for the Low-Temperature Reusable Surface Insulation (LRSI) 
tiles on the Space Shuttle Orbiter Vehicle. AFRSI is a quilted blanket con- 
sisting of silica fiber insulation material with a quartz fabric outer mold 
line (OML) and a glass fabric inner mold line (IML) lining. The quilting 
is done with quartz thread stitched through the three layers of material. 

The blanket IML is bonded to the skin of the vehicle while the OML face is 
exposed to the high pressure gradients, fluctuating acoustic pressures, and 
wind shear stresses attendant to atmospheric flight. So far, AFRSI has been 
employed only in small selected areas of the Shuttle Orbiter. An anomaly 
developed during the STS-6 flight wherein sections of AFRSI covering the CMS 
pods suffered some damage. 

The purpose of this test was to gain some insight into the possible causes 
of the problem by: 

1. Obtaining detail pressure gradient loadings and acoustic 
pressure levels data at the forward end of the OMS pods. 

2. Evaluating the effect of shed vortices on the AFRSI located 
in the area of concern. 

3. Subjecting alternate AFRSI blanket designs to the aerodynamic 
environment at the CMS pods. 

The test reported herein was conducted in three phases. A, B, and C, at the 
NASA/ARC 9x7-foot Supersonic Wind Tunnel between May 24 and July 27, 1983. 
Fifty-one runs were completed during 96 hours of occupancy. 
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The test articles consisted of AFRSI blanket panels form-fitted over a 
shell structure that was contoured to represent a 1 /3-scale two-dimensional 
model of an CMS pod cross-section. The shell was attached to the model 81-0 
trailing edge flap located on the ceiling of the tunnel. A 23-degree deflec- 
tion of the flap was required to expose the true scale OMS pod contour to 
the tunnel airflow. A rectangular airfoil section mounted perpendicularly 
to the forward flat surface panel of the Model 81-0 fixture, was used to 
generate a vortex which was allowed to impinge on the contoured AFRSI. 

A separate instrumented panel was fitted over and attached to the contour 
shell for flow visualization and pressure calibration purposes. Local surface 
static and fluctuating pressures were measured. 

The test articles were exposed to simulated ascent and entry dynamic pressure 
profiles with peaks of 550 psf for ascent, 650 psf for design ascent, 160 psf 
for entry without vortex generator, and 110 psf with shed vortices simulation. 
All specimen testing was conducted at a constant Mach number of 2.5. 

The data acquired during the test is being analyzed by the Orbiter Aerodynamics, 
the Vibro-Acoustics, and the TPS Test Design and Requirements units of 
Rockwell. Conclusions and recommendations will be made by these same units 
under separate reports. 

This report contains information on the conduct of the test, details of the 
model and instrumentation, and photographs of the specimens tested. 


t 
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NOMENCLATURE 


MNEMONIC 

CP 

MACH 

P 

PL 

PRMS 

PT 

Q 

RE 

TS 

TT 

V 
X 

XC 

Y 
Z 

DF 

DV 

RHO 


DEFINITION 

Pressure coefficient 

Freestream Mach number 

Freestream static pressure, psia 

Local static pressure, psia 

RMS value of the variations from the 
mean value of the local pressure, psi 

Freestream total pressure, psia 

Freestream dynamic pressure, psf 

Freestream Reynolds number, per ft 

Freestream static temperature, deg R 

Freestream total temperature, deg R 

Freestream velocity, ft/sec 

Longitudinal distance, positive aft of 
forward panel L.E., inches 

Longitudinal distance, positive aft of 
contour panel L.E., inches 

Lateral distance, positive right of the 
model centerline, inches 

Vertical distance, positive above the 
plane of the forward panel, inches 

Flap angle, deg 

Vortex generator angle, deg 

Freestream density, slugs/ft 3 



REMARKS 


The flow visualization tests using oil emanating in the compression corner 
of the model were unsuccessful. The pressure imparted to the oil streams 
was insufficient to overcome the reverse airflow pattern created near the 
boundaries of the contour shell/forward plate intersection. Somewhat improved 
results were obtained by applying the oil directly on the model. The difficulty 
with this latter method was that most of the flow patterns observed were 
largely those generated with the model retracted (5f=0) while the tunnel was 
being brought up to the test condition. 

Minor malfunctions of the static pressure instrumentation on the test fixture 
were experienced: 

1. During the first entry (0S-314A), pressure taps 1? and 51 did 
not function properly. Also, the output of tap 35 was lost 
after the flow visualization tests. 

2. Pressure taps 6, 19, 35, and 51 malfunctioned during the 
second entry (OS-314B). 

3. The same four taps (6, 19, 35, 51) and tap 8 were defective 
during the third entry (OS-314C). 

The mechanics involved in bringing the wind tunnel up to speed and in stopping 
the tunnel flow, made it impossible to generate a faithful simulation of a 
single-mission ascent dynamic pressure profile. The tunnel simply took too 
much time to reach the dynamic pressures that were required for this test. 

A procedure was evolved wherein the freestream dynamic pressure could be 
increased and decreased as rapidly as practicable in order to minimize the 
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REMARKS (Concluded) 


differences between the tunnel and the orbiter flight profiles. Still, the 
results obtained were more representative of multi-mission loading accumulations 
than the single missions that were sought. 
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CONFIGURATIONS INVESTIGATED 


Model Description 

Model 81-0 (drawing L014-01496) as modified in June 1981 and May 1983, was 
employed for this test. The fixture, located in the ceiling of the wind tunnel, 
consists of a 12-inch chord flap with a 63-inch span mounted at the trailing 
edge of a specimen-holding frame, and a sealed pressure box enclosing the space 
above the holding frame. The pressure box was vented to the tunnel test section 
to permit pressure equalization across the plate ahead of the flap (see 
Figure 1). 

The flap, hinged on the ceiling, can be rotated from 0 to 90 degrees by a 
remotely controlled hydraulic actuator. This component of the test fixture 
was modified to serve as a mounting surface for a contour shell to which the 
pressure calibration panel and the AFRSI specimens were attached. This contour 
shell was designed to represent a scaled two-dimensional model of an OMS pod 
cross-section (X o =1310 to 1410) taken at a radial angle of 120 degrees 
measured from Y o =0, Z o =400. The shell was sized such that when covered with 
an AFRSI blanket, the contour yielded a 1/3 scale of the outer mold line (OML) 
of the OMS pod cross- section, when the flap was deflected at 23 degrees. 

The shape of the selected contour is shown in Figure 5, together with a tabula- 
tion of the surface contour coordinates. 

To compensate for the 6.77-inch depth of the supporting frcine inside the 
test fixture, a 4.5-inch spacer was used together with appropriate shims to 
bring the edges of the forward panel flush with the surface of the test 
fixture . 
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CONFIGURATION INVESTIGATED (Continued) 


For flow calibration purposes, an instrumented pqnel is available for mounting 
in the specimen-holding frame. For the present test, this panel was placed 
in the holding frame and remained there for the duration. A rectangular air- 
foil section mounted perpendicularly to the surface panel ahead of the flap was 
used to generate a vortex which was allowed to "scrub" the model 0M$ pod surface 
near the centerline. Four such vortex generators (VG) were tested: one 
symmetrical wedge-shape, and three cambered airfoils with flat lower surfaces. 


VG No. 


Span 

Chord 

-4 

Cambered 

2.5 in. 

4.5 in. 

-7 

Wedge 

3.5 in. 

14.0 in. 

-10 

Cambered 

7.0 in. 

7.0 in. 

-11 

Cambered 

7.0 in. 

14.0 in . 


Each airfoil section had a one-inch maximum thickness at 40 percent chord and 
a circular leading edge with a radius equal to 2.5 percent chord. All VG's 
were mounted at 40 percent of their respective chords on a pivot located at 
4.9 inches aft of the leading edge of the forward plate and offset 1.45 inches 
from the centerline. A remotely controlled hydraulic actuator enabled the 
support stem and the VG's to be rotated (or oscillated) up to ±45 degrees. A 
schematic of the VG is shown in Figure 3. 

Test- Specimens 

The baseline AFRSI blankets consist of silica fiber felt (Q-felt) insulation 
material with a silica cloth covering and a glass cloth back lining, all 
quilted together with quartz thread in a one-inch square grid pattern. The 
quilting is done with a modified lock stitch. The outer covering is made of 
material 0.027 inch thick with a weight of 20 ounces/square yard. 


10 



CONFIGURATION INVESTIGATED (Concluded) 


The test articles consisted of AFRS1 panels (34x30 inches) bonded with RTV 
to 3/16-inch baseplates such that the stitching loops were embedded in the 
bonding material. Two-inch foam frames surrounded the panels leaving an 
exposed AFRSI surface 30x26 inches. The panels were form-fitted over the 
contour shell to which they were attached with bolts inserted through the 
bordering frames. The maximum thickness of the AFRSI blanket material in the 
specimens was 0.9 2 inch (see Figure 6). 

Fifteen interchangeable AFRSI specimens were tested. Nine during the first 
entry (05-314A), and three in each of the two subsequent entries (OS-314B, C) . 
The specimens could be divided into three general categories: 

1. Six baseline configuration panels, two of which were treated 
with special surface coatings. 

2. Two test articles configured with AFRSI sections removed from 
the orbiter vehicle (OVOP?) OMS pods following the STS-6 
flight . 

3. Seven specimens incorporating alternative designs and repairs 
for evaluation purposes. 

The characteristics cf the specimens are described in Table I. Photographs 
of the specimens taken before and after testing are shown in Figures 13a. 
through 13zz. 

An instrumented panel made of fiberglass covered foam of the same thick- 
ness as the AFRSI specimens was fitted over and attached to the contour shell 
for pressure calibration and flow visualization purposes (see Figure 7). 

A schematic of the test installation is shown in Figure 2 and a model /specimen 
installation is illustrated in Figure 4. 
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INSTRUMENTATION 


The model test fixture and the calibration panels were instrumented for static 
and fluctuating pressure measurements. The layouts and the location coordinates 
of the instrumentation are shown in Figures 7 and 8 and listed in Tables II and 
III. 

Static Pressure 

The test installation was instrumented with 108 static pressure taps distributed 
as follows: 


Test Fixture 

9 

Forward Plate 

38 

Contour Panel 

61 


The taps on the contour panel were connected to a separate Scanivalve assembly 
located inside the contour shell structure. This assembly was removed follow- 
ing the calibration runs. The other Scanivalve, bolted to the top of the 
ceiling hatch outside the tunnel, measured the other pressures and remained 
active throughout the test. 


Fluctuating Pressure 

The fluctuating pressure instrumentation consisted of 56 Kulite transducers 


distributed as follows: 


Test Fixture 

7 

Forward 

Plate 

15 

Contour 

Panel 

34 


The transducers on the contoured calibration panel were disabled after 
the calibration runs were completed. 
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INSTRUMENTATION (Concluded) 

Flap and VG Deflection s 

Each of the flap and the airfoil VG drive systems were equipped with a position 
transducer to measure the angular deflections of the surfaces. 

Visual Records 

A video camera was positioned to record on a time-coded videotape, the con- 
dition of the test articles during the runs. In order to obtain data on the 
mechanism of AFRSI failures, a high-speed movie camera was activated upon 
visual observation of the onset of a failure on a test pad. 
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TEST FACILITY DESCRIPTION 


The 9x7-foot Supersonic Wind Tunnel is one of the supersonic legs of the 
Ames Unitary facility. It is a closed-circuit, variable-density, continuous- 
flow tunnel. The test section is 9 feet wide by 7 feet high by 18 feet long 
and the nozzle is of the asymmetric, sliding-block type, in which the varia- 
tion of the test section Mach number is achieved by translating, in the stream- 
wise direction, the fixed contour block that forms the floor of the nozzle. 

The temperature is controlled by after-cooling. Dry air for use in the circuit 
is supplied from four 30,000 cubic-foot spherical tanks. The tunnel drive 
motors and compressor also serve the 8x6-f oot tunnel. The motors have a com- 
bined output of 180,000 horsepower for continous operations or 216,000 horse- 
power for one hour of operation. 

Following the pressure calibration runs, the fixed contour block was positioned 
to provide the nozzle throat required to achieve a constant Mach number of 2.5. 
The purpose was to minimize the time needed to achieve the specified dynamic 
pressure conditions at that Mach number. 
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TEST CONDITIONS AhD PROCEDURES 


Calibrations were carried out to determine the flow characteristics on the 
model surface under parametric freestream conditions and model orientations. 

These tests were conducted at Mach numbers ranging from 1.8 to 2.5 for dynamic 
pressures of 200 to <500 psf while varying the OMS pod contour incidence (flap 
angle) from zero to 37 degrees and vortex generator angles from -10 to +15. 
degrees. Pressure data was also obtained for the model configured without a 
vortex generator. 

Oil flow visualization tests were made at Mach number 2.5 and a dynamic pressure 
of 300 psf for flap deflections of zero and 23 degrees, and VG angles of zero 
and 15 degrees. 

Preliminary calibration data analysis led to the decision to conduct the 
specimen testing at a constant Mach number of 2.5 with the OMS pod model 
incidence set at 23 degrees, and to employ the wedge-shape airfoil model (VG-7) 
where a vortex generator was called for. Where no VG was required, the airfoil 
was to be set at zero degree or removed from the model. 

The following general procedure was implemented for testing the specimens. 

To avoid high starting loads being imposed on the model, the flap was set at 
zero degree and the tunnel pumped down to approximately 10 inches Hg before 
initiating drive start. With the tunnel on line, its total pressure was further 
decreased to 7 inches Hg, which was maintained until supersonic flow was 
achieved. At this point, the CMS pod model was lowered into the freestream 
(6f=23 degrees) and the total pressure increased as rapidly as possible until the 
the desired dynamic pressure was achieved. Similarly, the return to lower q 
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TEST CONDITIONS AND PROCEDURES (Concluded) 

values was effected by decreasing the pressure to 7 inches Hg at which point 
the OMS pod model was retracted to zero incidence and a fast stop procedure 
was initiated. 

The nominal ascent simulation required a q increase to 550 psf and an immediate 
return to the lower values. In some instances, a maximum design q of 650 psf 
was specified. For re-entry, maximum dynamic pressures of 110 psf (with VG) 
and 160 psf (without VG) were required. Multi-mission requirements were met 
by holding the maximum q condition for the time stipulated, with the provision 
that the run was to be aborted when damage to the specimen was observed. 

The dynamic pressure loading profiles for entry, ascent, and design ascent 
are shown in Figures 10 through 12. The methodology employed to compute the 
number of ascent mission loadings related to tunnel exposure time is outlined 
in the four charts which constitute Table V. 

A summary of the runs completed, including the test conditions, is shown in 
Table IV. 
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DATA REDUCTION 


Standard tunnel equations were used to compute all tunnel conditions. 

Local static pressure data were reduced to standard coefficient form, 

Cp = (Pr-PcoH44/q 

RMS fluctuating pressure data were reduced to coefficient form and to DB form 

DB = 10 logjg 

These RMS data were recorded continuously on magnetic tape and analyzed by 
Rockwell's Vibration and Acoustics unit (Department 380). 


PRMS x 10 

~T.wr 
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RESULTS 


Results of the tests are summarized in Table VI. Pre-test and post-test 
photographs of the samples tested are included in Figures 13a through 13zz. 

No pre-test photos of test articles J arid M, and no post-test photos of C, 

E, and M are available. 

The higher Mach number was selected because the data at Mach 2.5 showed close 
agreement of peak reattachment pressures with STS— 6 predictions (see 
Reference 3). The selection of the maximum dynamic pressures was dictated by 
the requirements for specific shock amplitudes and acoustic pressure levels 
(References 2 and 3). The calibration results shown on Figures 14 through 17 
were adjusted to achieve the following test conditions: 


Entry (w/o VG) 

AP 

0.63 psi 

Acoustic 
154 db 

3 . 

160 psf 

Entry (w/VG) 

0.58 psi 

153 db 

no psf 

Ascent 

2.15 psi 

164 db 

550 psf 

Design Ascent 

2.58 psi 

166 db 

650 psf 


Note that these pressure levels were obtained at tunnel dynamic pressures 
approximately 20 percent lower than the flight q's (Figure 18). 
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TABLE I 


CHARACTERISTICS OF TEST SPECIMENS 
(See Flexible Insulation Specification MB01 35-085) 

Fabric - Top Cover: Quartz, 0.027 inch (20 oz/sq yd) 

Bottom : S-Glass, 0.009 inch (6 oz/sq yd) 

Thread - CML : Quartz, 22 mils 

IML : E-Glass, 20 mils 


Stitching : Modified Lock Stitch 

Thickness: 0.92-inch 


Test Pad 
A 
B 
C 

D 

F 

G,H, I 
J 

K 

L . 

M 

N 

0 

101 

• Baseline Design 
** Thermally Conditioned 


Configuration 

1-inch Stitch Grid* 

1-inch Stitch Grid 

1 /2-inch Stitch Grid 
Lock Stitch Inside 

1 /4-inch Stitch Grid 
Alternate Stitches Lock- 
Stitched Outside 

1-inch Stitch Grid* 

1-inch Stitch Grid* 

Section Removed from 
OV099 ( STS-6) 

1/2-inch Stitch Grid 
0.060 inch OML Face Sheet 

1 /4-inch Grid on Forward 
12 inches - 1-inch Grid 
on Af t Section 

Section Removed from 
OV099 (STS-6) 

Repair Patches 

Joint Fixes 

1 /4-inch Stitch Grid 
Lock Stitch on IML 

( 1 100°F) 


Special 

Treatment 

** + RTV Coat 


* * 


** 


** + Ludox Coat 


** 
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TABLE 1 1 a . 


STATIC PRESSURE 

INSTRUMENTATION COORDINATES (OS-314) 
( Forward Panel ) 




































TABLE 1 1 b . 
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TABLE III 


FLUCTUATING PRESSURE INSTRUMENTATION COORDINATES (OS-314) 
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CONTOUR SHE.LL 



i • ! 1 

. I ; 

1 

i 

l 

1 

i 

i 


! *446 


JO I 

lo4. j i i 4 

/ XT. | 

1 3o I 


j sr-ll 



ic7 | /i S’ 

1 

1 23 1 



ssac j 

_ 

J ox 


i t L 

C2 ‘ 4 I 

«3f 


i ! 

I 

1 


jof M7 

/ir 1 

i 


; 37 

id ! 

no i nt I 

/X4» j 

1 32 


j 

< / / ! / r f ! / x7 i 


i TZ'61 . { e>4 

ha i 

/2o | ,-2.9 1 J33 i 

; 

n-a ! 

. i 1 ®F_4 

/(3 

12/ ! | (34 

i 


1 J 


! 1 > 


i 

1 - 


1 i 


| 



i i 

I 1 


1 i i 
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TABLE V ASCENT MISSION LOADINGS 







Q 





LU 


UJ 





> 


D 





•— • 


ZL 





(— 


_■ 





CD 


I— 

! 




ZD 


Z 





CD 


O 





1 


CD 



zrz 


CO 




CD 


LU 





! 


CD 


co 



CD 


1 


CD 



QZ 


’ 





ZD 


CD 


, 



1 — 


ZD 


CD 

1 






<cC 



* O 


LU 


CD 


cn 

< — » 


GQ 


1 


- 

«CC 






O 

y 


CD 


— * 



LU 


1 — 


CD 



QZ 


CD 


co 


s 

CD 


LU 


CO 

LU 

r 

H— 


s - 


1 

cn. 




ZD 


ST 

zd 

i — 

S~ 


CO 



00 

<c 

UJ 


CO 


1— 

0 


1 — 


<c 



Q_ 

r 

CO 


CO 


LU 

X 

LU 

>- 



CD 

LU 

1 — 

co 


CD 


CO 


CO 



<=c 


<£ 

Z 

>- 



0 



O 

CO 

CD 


1 



*— < 


CD 




> 

CO 

X 

ZD 

1 — 

0 



CO 

CD 

CO 

ZD 

QC 


LU 

4 

CD 


CD 

LU 


1 

y 

ZD 

00 

1 —. 

<a: 


CQ 


CO 

LU 

1 



< 

LU 


OO 

LU 

CD 


1 — 

sr 

CO 

ZD 


y 



O 

Q_ 

<x 

CD 

<c 

LL 



O 

CD 

►— « 


CO 


1 

1 


ZD 

CD 

CL 



LU 

- 

O 

»— < 



LU 

> 

LU 

CO 

1 — 

UD 


1 

LU 

- 

cn 

co 

X 


, — i 

CD 

1 

LU 

. 

ND 


LU 



CD 

CD 

V 


O 

LU 

CD 

ZD 

CD 



ce: 

1 

CD 

CO 

«0C 

8 


Q_ 

i > 

CD 



CD 



1 — < 


LU 

CD 



1 — 

~T~ 

CO 

ZD 

QC 

1 — 


20 

LU 

ST 

1 — 

LU 



LU 


CD 


<C 



( ) 







OO 

• 

• 


• 



<=c 














CD 








LU 








OO 








CD 








Ln 







LL 

XX 







CO 

LL 







CL 

CO 








a. 







LPl 








X 

O 







ro 

CD 






CO 





U_ 



- 

11 




LU 



CD 


i( 



O 




CD 







1 


CD 



1 — 



1 

1 — 




LU 



<C 

zn 

UJ 







CD 


1 


1 


1 

1 — 


0 

zn 




LU 

< 

1 

CQ 

CJZ 

LU 


CD 



LU 


►— « 

LU 

CD 

LU 

z: 

CD 



1 

0 

oc 

CO 

ZD 

LU 

O 


LL. 

1 

U_ 


1 — 

Q 

1— * 

J — 


1 — 


0 


O 



LO 

LU 

CD 

lo 

CD 

1 

CD 

LU 

1 


LU 



LU 

<C 

— 1 

co 

1 

CO 

U 

»— » 

> 

O 

*—* 

1 — 





LU 

1 

LU 

CO 

ST 

CD 

CD 


CD 


CD 


O 

cn 

~r^ 



1 — 

QL 


oc 


> — 1 


> 

ZEZ 

Q- 


LU 

ll 

CD 


LU 

LU 





<C 


1 — 

1 

1 — 


CD 

i- 

O 


CO 

<c 

OO 


LU 


1 


>- 

z> 

LU 


CO 

C3 



CO 

*— * 

1 — 




1 — 



ZD 



UD 

LP\ 



DC 

CD 

— 1 


CD 

X 

CD 


CD 

LU 

LU 



. 

, — ( 


CD 


L- 


II 

Cd 

1 


1 

CO 

z 




LU 


CO 

>— » 

ZD 


1— 

II 





1 — 




1 — 


* 

LL 



C3 

8 



LPl 

CO 

CD 




LU 


- 

CL 

U 


cn 

—V 

CD 


<DJ 




- 

LTD 

CO 



CD 

— 


O 

X 

< 


II 

CD 




ro 




NO 

cc 


II 


LU 




0 



11 





LU 


8 


O 


1 — 


• : 


s: 

CD 




CD 



• 

• 



« 

• 
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NUMBER ASCENT MISSIONS 



X 
















I- 
















0 
















z 






LU 










UJ 






XX 










cc 






1 — 










1 — 




XX 




4 — • 








00 




O 


XX 


CO 












»— * 


> -■ 4 


(- 








UJ 




CO 




1 — ✓ 








z 


Q 


CO) 












< 


UJ 


*— • 


CO 


LL 








X 


X) 


s: 


cl 


00 








a. 

5 

z 




u_ 


CL 









UJ 

— 1 


C_) 


<c 










— 

X 

t- 


UJ 



• - 

o 








<37 

CX 

X 


CO 


LL 

CO 

o 


cx 

CX 






•— 

o 




O 

LU 

NO 



LU 






t- 

cx 


CM 



*— i 



1 

CO) 





V 

< 



no 


LU 

1 

CD 


LU 






LO 

LU 



) 


i 

CL 

h— 


z 

00 





LO 


CO 


c 


Q_ 

CL 



z 

X 





OO 

Q 

CD 


ca 


sr 

<c 


CX 

XX 






OO 


ZX 




<c 


4" " 

LU 

i — 

CM 




3T 

1 

< 



CX 


CO 

CX 


CO 


1- 



• * 

\ 

*37 


cx 


UJ 



z: 

' ^ 


cx 



u 

* 

CD 

1 

CD 

*37 


1— 

^ — N 

<c 

■ — i 


cx 

XX 



LU 

1 — 

2X 

1 

a 

o 


<c 

CX) 


IS 

X 

UO 

' 

CX 


00 

00 

» — • 


< 

_j 


1 

XT 

sx 

O 

<c 

N 

IS 


CM 


UJ 

CX 


0 



XX 

•— 1 

o 

— J 

si 

/- — ' 


X 

H 

OO 

H— 

<c 


1 

~y 


SI 

CX 


1 


CO 

X 

*3; 




0 

- 


O 

CD 

XX 

*37 

CO 

cx 

o 

t- 

*37 

s - 

+ 


UJ 

— J 

LL 

a 



cx 

CD 

CD 

LU- 

. H- 


SI 




XD 


LU 

LU 

co 

S~ 

CX 

1 

~r*- 



+ 


ca 

^ — s 


CD 

z 

CL 

t- 

CO) 

ZD 

*37 


» — i 

LU 

LL 


1— 


CO 


— H 

CD 


< 

)— 1 

zr 


c > 

CX 

XX 

CO 

*— 

<C 

UJ 

(- 

O 

h— 


% 

LU 


» 

UJ 

►— • 


1 — 

CL 

t- 


SI 


UJ 

<c 

CO 

• 

CL 


X 

OC 

h— 

o 



' 

CX) 


+ 

00 

LU 

CO 

U 

LU 

1 — 

<c 

*=£ 

CO 

1 

% 

o 


UJ 

1 — 




► « 

UJ 

CL 

XX 

SI 


ZD 


1 

CJ 

II 

1 — 


r— 

0 

1 

SI 

CL 


LU 


<=c 

O 

XT 

LU 

NO 


*37 

• • 

H- 

LUO 

<C 


00 

* 

CX 

1 — 

UJ 

UJ 

CX 

22X 


CO 

— 1 

00 

s— 4 


> — 1 

1 



CO) 

<c 

cl 

<r 



l( 

z 

XX 

s: 



CL 

<c 

»— 1 

h— 

<c 


<37 


CO 

XX 


o 

3 x 7 

0 

II 


LU 

t— 

LU 

2: 


CO) 


XT 

CO 

1 — 

cx 

*— » 

XX 

*— • 



h— 

0 

CX 

UJ 


zx 

CX) 

CX 

1—4 



CO 

CX 

00 



<c 

1— 



> 

o 

cx 


si 

cx 

i 

CO 

CX 

co 

ZD 

1 

S" 

II 

z 

UJ 


>■ - > 

Q_ 

•XT 


z: 


— H 

<c 

*—4 

az 



— 

cr 

UJ 

CO 



LL 

i — . 

XX 

SI 



X 


CX 

CO 



_J 

CO 

co 

u_ 

O 

IS 

o 


CO 


CO 

LU 


00 

ZD 

CQ 

1 — . 

SI 

cx> 



*— • 

1— 


h- 

CD 

Q_ 

O 

i- 

O 

<37 


cx> 


CL 

LU 

CO 

XX 

CD 


ZZ1 


CO 

»— « 

z 

UJ 

1 — 



cc: 

LU 

XX 

CL 

LU 

> — . 

LU 

►— < 



CO 

UJ 

cn 


) ~ 

UJ 

CX' 

CQ 

h- 

i 

<x 

CO 

<-J> 

a 

«— » 

CO 




2T 

nr 

1 — 



C-> 

CO 

CO 

CO 

< 


UJ 

>— • 

LU 

> 


UJ 

i — 

C_) 

XX) 


X 

*a : 

*— . 

<=c 

0 


CX 

SI 

CC 



C_) 


<x: 

z: 

*■ — i 

UJ 


SI 


1 

1 







CO 


LL. 




CL 


or 



CL 

CX 

X 

-J 


<c 



LU 

*37 

1 — 

LU 

1 — 

LU 

2: 


CX 

LU 

O 



! 


oc 

t— 

LU 


CQ 

XX 

CQ 

0 


U_ 

1— 

LU 

CQ 


CX 

CO 

LU 

•*37 

CL 

LU 

s 

LU 


•— H 



<c 

CC 

< 


UJ 

z: 

l— 

1 

*37 

cx 

— 1 

CX 

HD 

CO 

>- 

1 




1 — 

o 

f— 

Z3 


CO 

zx 

CO 


CO 

LU 

XX 

1— 

—I 


<c 

■ — — 

<c 


cx 

*37 


<37 


(— 1 


■ — * 


OO 

UJ 


1 

CO 

c_) 

XX 

cx 





s: 


1 

x5 

X 

cc: 


XX 

CO 

CO) 

c_) 

Q_ 







<37 

cx 

H 




4 

' — ' 

<_> 


- 


- 




1 

XX 

CX 


> 


XX) 

SI 


*37 

CO 

* — i 


CM 


< 


CD 

<c 

X 

h- 


CX 




x~~ 





1 — 




X 



C_) 



CX 

o 





a 


CD 


CX 

CD 


*37 



1 — 






1 — 


1 — 


















u 

O 















< 

•— « 


/TO 











0 - 0 . 


LU 



(CNJ) 



(no) 








(3T) 


* 
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TABLE V ASCENT MISSION LOADINGS (concluded) 





CD 








CC 


CD 


LU 






LU 


CD 




- 


r"vj 


QC 




o 


>- 

LU 

O 






] 

CD 

LU 




LJ 


«=c 



LO 






CO 

QC 

LO 





■sc 

CO 

i — i 

CO 



CO 




«st 

CO 



LU 


>- 

■ — > 


1 



1 


1 

CD 

>- 

■sc 



cu 


1 

■sC 

PD 

1 



r 


•sc 

o 


1 



«=c 


CD 

1 

CD 




CO 


►— « 


LU 






1 — 

CD 

1— 




>- 


CO 

1 — 

Q_ 

QC 





*— -• 


LU 

LU 



< 


1 — 

CD 

CD 

PD 



y~ 


<=c 

LU 

CD 

Z 





f— 

*— • 

•sC 

CD 



DC 


CO 

i 


cc 



1— 



CU 

l 



5 

, — . 


LU 

CU 


CD 


CO 

or 


QC 

■sc 

LU 

LU 


2 : 



CD 


QC 

CU 



CD 


1 

LU 

CD 

CO 

sr 

i — 

LU 


><— < 

oa 

CD 



CO 

dc 


<=c 


LU 

I 

LU 

LU 

CO 


U_ 

-zr 

CD 


O 

1— 

l-_ 




O 




1 


~~~~ 

LU 

QC 


ad 

LU 

cu 


•— * 

CD 

Q_ 

LU 

CD 

zo 

; - 





< > 

e— 

CO 

O 


CO 

QC 

CO 

s 

< 5 

i — < 

CD 


so 

CD 

sc 

LU 

•sC 

1 — 

CD 


CD 

I — 

■ < 

QC 

LU 

C 

<c 

CO 

. — « 

CD 

1 — 

LU 


LU 



1 — 

•sc 

CO 

LU 

QC 


LU 

o 

•sc 

LU 

LU 

LU 

LU 

1 

QC 

»— • 

*— * 


1 — 

QC 

1 — 

•sC 

•sc 

1 — 

QC 

QC 



1 

CD 


• — 1 

■sC 

LU 

LU 


■sC 

i — i 

CO 

CD 

D> 

1 

i 

CO 

CD 

sr 

1 — 



1 — 

CO 

1 — 

CO 

CD 

CO 

o 

CD 

■sc 

• — 1 

CO 


CO 

LU 

CD 

SC 

CD 

1 — 

LU 


O 

i 


<r 

CO 

<c 

(— 


CD 


CO 



LU 



LU 

LU 


CD 

■SC 


QC 



CD 

*— « 

LU 


QC 

CD 



CO 

CD 

1 

^ — 

CD 

LU 



i — i 

•sC 

CD 

<C 

LU 




1 — 

CD 

LU 

DC 


CD 



<c 

— 1 

1 

1 

LU 

CD 



LU 


1 


1 

DC 




LU 

CD 

CD 

Q_ 

1 — 



_U 

DC 

CD 

LU 

z: 

LU 



< 

■ — t 


1 — 

<C 

U 



►— < 

1 

CO 

CO 

CO 




CtC 


* 

LU 


1 



LU 

QC 


CD 

1 

■SC 



1 — 

LU 

*=c 

CD 

<c 

CD 



< 

CD 

1 — 

LU 

•— < 

►—i 





•sc 

QC 

QC 





CD 

CD 


LU 

CD 



>- 



•sc 

1 — 




t 

O 

LU 

CO 

<C 

CD 



1 

CD 

QC 

■SC 

SC 

CD 



<c 

< — i 

CD 

sc 


LU 



sr 


1 


LU 




QC 

O 

i — > 

LU 


CO 



CD 

H— 

•SC 

DC 

CD 

•sC 



u' 


LU 

1 — 





• 


« 

• 




30 




GO 

DC 

QC 

<a: 


CiC 


O 

oc 


lu 


etc 

<c 


GO 


U 

LU 

CO 

o 

o 

o 

co 

cr 

ii 

<3 


X 

o 

cu 

Q_ 

Q_ 

•a: 


•a: 

CO 

LU 

CQ 


or 

LU 


O LU 


GO 
UJ 
□T 
Ln LU 
cni 

UD — « 
II 

cr uc* 

< — i 

C 3 l 

GO CD 
CO LU 
CO I — 
— i CtC 

> <c 
ca h— 

CO GO 


— > CO 

O GO 
i — I 
X 

o re 


9 


CtC CtC QC 


«=c <a: <x. 


X CO 

o :z: 

co ■ — • 

i 

GO X 
LU X 
OC LO 
CO 

I — ofl 

*ac 

o_ LU 
CO 
CNI — . 

w GO 


QC 


CO 

GO 

<c 

LO 

I 

GO 

I— 

GO 


O 

LU 

<71 

CO 

CO 

rx 


LU 

GO 

<E 

CQ 


uc 


u: 

DC 

DC 

o 

CO 

o 

o 

o 






o 




o 




0 


Ln 


0 


uo 




CO 


T— 1 


CO 


r— 1 




ca 


C3 


ca 


ca 




LO 


CD 


co 


co 



/“N 

> 

X—N 

> 


> 

/— N 

> 

✓ N 


U 


CJ 


u 


O 


u 


LU 

i 

UJ 

1 

LU 

i 

LU 

i 

LU 


00 


00 


C/> 


00 


00 

>- 


x 


X 


X 


X 


cn 

UD 

QC 

CD 

QC 

CD 

QC 

CD 

QC 

CD 

h— 

LO 

1 

LO 

1 

LO 

1 

LO 


LO 

or 

i — 1 


CNI 

sc 

CNI 


CNI 

z 

CN 

LU 


LU 


LU 

'w' 

LU 

v-/ 

LU 



LU 

LU 

LU 

LU 

✓ — V 

Q- 

X 

LU 

(— 

LU 

-- — s 

CL. 

X 

LU 

b~ 

Z 



s 

LU 


LU 

1 

1 

1 

1 

O 

1 

O 

LU 

LU 

LU 

LU 

O 

LU 

o 

GO 

GO 

GO 

GO 

CO 

GO 

co 

<c 

<C 

*=c 

<31 

•— 1 

*=c 

1 — 1 

CQ 

CQ 

CQ 

CQ 

t — t 

CQ 

1 — 1 

1 

1 

1 

1 



1 

1 

CO 

CO 

LO 

CQ 


CQ 



3 1 


TAELE VI SUMMARY OF RESULTS (CONTINUED) 

0S-31AA 


«=C Q_ 

cu sr 
i ld cd 


- o 

ld > — • 

U-l I — 

co < 
<— > 
l n o 
cm i 

NO 

(i w. 

h- <c 
go 


CD \— 
lt\ cu 
i_n *=c 


x cu 
<=C DO 
CD 1 


I CO 
LU 
- >- 
< CD 
> — • cu 
CD I — 
GO 
GO LU 
LU CD 


cu 
- CQ 
X < 
CD Li- 
ce 

cu cu 
CL LU 
ct H— 


CQ <C O O 


(X Q D K 

cd <c <a: ) cu 

| LU LU LU LU 

■ — i CU CU LU I — 

DC Q_ I CD 
I i I — GO C3 CD 


CU LU 
CD CU 
CD 
CD __l 
<£ 

LU <£ 
CU LU 


CD DU 
<C 

ZC LU GO 
U (X < 
CD OQ 
— CD 

cm < oa 

J- CU LU 

uj sr 

LU I — — 1 
CU <£ I — 


•— lu s: 

<£ O < 
u_ <C GO 
LU 

cu cu z r 
o o < 

Z GO D 
— LU 
2 : oa cq 


I— OD 
<C LD 

GO *— • 
CD 

=a: or* 

I t 1 r-H 

cn 

ZLZ CXL 


I C£ 

<c o 

3D CD 


<u 

LU CU 
GO LU 

OO QC 
CD CD 


H"— “ LU 

LU CU CD 

«=c *=c 

sr 

<c - <c 

•— • LU CD 
CD _U 

i — , CU 
DC LU CD 
O O Z 
z: cu — ■ 
~ Q_ ^ 


U 

I I I to 

GO CL 

o 

_u Ln 


O UO C 3 


I U_ 

? CD CD 
' . LU 
CD LU D— 
u a < 
I c — - cu 
LD GO LU 


DU 

LD I 

<=C LU 
CQ <C 

GO GO 
LU LU 
DC d 
CU LD 

CM CM 


CD «=C 
CU 

LU «=C 
CD — * 
CU 
CU LU 
LU I — 
I — e: C 


LU O 


- GO 
GO GO 
GO »— 


LU LD I — 

L GO Z 
GO < LU 
CD 
UD GO 
N <N < 

r— i 2- ~ CD 
1 — I CD OO 
LD 

C LD C 
D < D 
LD LD 
LD CD LD 
<H< 

LU 
CD 
CD ' — ■ 
<=C. GO 
LU 

CU CU 

_u o 3 


LU CD 


zr CD 

<£. 

LD X 
LU 

ca sr 


CD ^ CD 
Q_ ^ CU 
CD <£ 

XU CD DC 
LD CU 
<C 3 C O 
ca CD u_ 


V LD LU LU LU • CD 

CD 2 : CD LD LD GO O 

-» Z z z go a: 

X z: <C <C <C lu <E 

<C LU DC DC DC cu 

X I LD LD LD LD GO 

LU CD GO 

| — CD O CD CD CU CD 

<wzzzQ 1 


CD 

_! CD 
O _J 
cu o 


O LU 
CU LD 


GO L) 
<£ Li) 
CO 

LD 

I O 

GO Ln 
I — LO 
GO w 


1 — 


1 — 


1 

2 : 


X 



UJ 


LU 


UJ 

< ) 

/ — ^ 

LD 

/X 

UJ 

CO 

O 

GO 

0 

OO 

<C 

UJ 

< 

UJ 

<C 


(/) 


00 


lO 


LD 


LO 

1 

O 

1 

00 

1 

OO 

LO 

GO 

K 

OO 


LO 

1 — 

LO 

1 

OO 


GO 

v — ' 

OO 


C3 LD CM 

. — I CT) Ln 
LD GO ' — (CM 


CU LU LU LU 
| — LD LD LD 
^ GO GO GO 
LU <C <C 




GO X 

■=c o 

CQ CD 
) CD 


►— • O 

(— CD 
GO O 


CU 
CM LU 


I <£ 
LD Q_ 


. — . O 
I — CD 
GO CD 


I <c 

CD CU 


CD LU 
X CD 
2ZO 
CD cu 
1 1 I D . 

CD D > CU 

— I LU 

I CU I — 

LU <= C LU 
go x rs o 
<C O LU CD 
CQ CD CU CD 
I CN1 OO 
< D + ^ 


32 



CO 

CL 


o 

LO 
r— I 

II 

cr 

CS 


X 





LU 








1 — 



O 





OZ 



LD 





O 



r— 1 





> 



11 
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FIGURE 1. MODEL 81-3 TEST FIXTURE, GENERAL ARRANGEMENT (OS-3 14) 
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FIGURE 3. VORTEX GENERATORS SCHEMATIC (OS-314) 


38 


















W0mmmmA 

' 

m P# :| 






fe*. :< 


: £/b| : 


39 


FIGURE 4. Model /Specimen Installation 
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Polynomial Approximation: 

Z = Aq + A]X + A 2 X 2 + A 3 X 

where Aq = 6.7072E-02 

A] = 2 . 2588E+00 

A 2 = -3.4346E-02 
A 3 = 4.0529E-02 


+ A 4 X** + A 5 X 5 + A 6 X 6 + A 7 X 7 

A4 = -2.8881E-03 
A 5 - 1 . 1 687E-04 

A 6 = -2.4734E-06 
A 7 = 2. 1238E-08 

for 0(^3 = 23 degrees 


Coordinates: 


X, in. 

Z, in . 

0.000 

0.0000 

0.1625 

0.4375 

0.3985 

0.9290 

0.6245 

1 . 3420 

0.8850 

1.8635 

1.1410 

2.2960 

1.4215 

2.7140 

1.7215 

3.1465 

2.0215 

3.5250 

2.3655 

3.9330 

2.6950 

4.2970 

3.0295 

4.6410 


X, in. 

Z, in. 

3.3440 

4.9560 

4.2195 

5.7275 

4.8935 

6.2685 

6.0490 

7.1045 

7.0815 

7.7975 

8.4735 

8.5940 

9.9830 

9.3710 

12.0340 

10.3100 

15.0390 

11.4555 

18.5700 

12.5320 

22.8335 

13.5940 

27.2645 

14.5480 

29.9445 

15.0295 


FIGURE 5. OMS POO MODEL CONTOUR SHAPE 
1 /3-SCALE NOMINAL ANGLE 
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FTGIIRE 7. Pressure Calibration Panel (Fully Deflected) 
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FIGURE 8. STATIC: PRESSURE INSTRUMENTATION LAYOUT (OS-314) 
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FIGURE ?. FLUCTUATING PRCSSURE INSTRUMENTATION LAYOUT (OS-314) 
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FIGURE 10. DYNAMIC PRESSURE PROFILE - ENTRY 
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FIGURE H. DYNAMIC PRESSURE PROFILE - ASCENT 






FIGURE 12. DYNAMIC PRESSURE PROFILE - DESIGN ASCENT 






IGURE 13a. Configuration A - Pre-Test 
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FIGURE 13b. Configuration A - Post-Test 
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FIGURE 13c. Configuration B - Pre-Test 
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FIGURE 13d. Configuration B - Post Test 











FIGURE 13e. Configuration C - Pre-Test 
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FIGURE 13f. Configuration D - Pre-Test 
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FIGURE 13g. Configuration D - Post-Test 
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FIGURE 13h. Configuration E - Pre-Test 
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FIGURE I3i. Configuration F - Pre-Test 
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FIGURE 13j. Configuration F - Post-Test 
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FIGURE 13k. Configuration G - Pre-Test 
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FIGURE 131. Configuration G - Post-Test 





FIGURE 13m. Configuration H - Pre-Test 
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FIGURE 13n. Configuration H - Post-Test 
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FIGURE 1 3o. Configuration J - Post-Test 
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FIGURE 13p. Configuration 101 - Pre-Test 
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FIGURE 13r. Configuration K - Pre-Test 
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FIGURE 13t. Configuration L -Pre-Test 
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FIGURE 13u. Configuration L - Post-Test 
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FIGURE 13v. Configuration 0 - Pre-Test 
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FIGURE 13w. Configuration 0 - Post-Test 
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FIGURE 1 3x . Configuration N - Pre-Test 
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FIGURE 13y. Configuration N - Post-Test 
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FIGURE 13z. Configuration I - Pre-Test 
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FIGURE 13zz. Configuration I - Post-Test 





FIGURE 15. ASCENT & ENTRY (w/o VG) STATIC PRESSURE PROFILES 
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FIGURE 17. DESIGN ASCENT STATIC PRESSURE PROFILE 
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